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Why Redox Flow Batteries (RFB)
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ü High safety

Õ Spatial separation of reactive materials

Õ Major constituent is water 

Õ Easy thermal management.

Õ Battery health monitoring

ü Easy recycling after service life

Õ Consumption vs. Investment

ü Decoupling of Power and Capacity

Õ Tailor system to application

ü 7 confirmed lithium-ion ESS fires in 

Korea this summer alone.



Vanadium Redox Flow Batteries (VRFB)
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ü Vanadium Redox Flow Battery (VRB) 

Advantages

Õ Current state-of-the-art, highly studied

Õ High solubility 

Õ High cell voltage

Õ MWh scale deployment

ü éhoweveré

Õ High material cost

Õ Capacity loss from crossover

Õ Precipitation issues (temperature window)

Õ Requires Nafion
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Vanadium Redox Flow Batteries (VRFB)
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ü éhoweveré

Õ High material cost

Õ Capacity loss from crossover

Õ Precipitation issues (temperature window)

Õ Requires Nafion

FY 2018 Milestone

ü Evaluate new electrolyte composition on a pilot scale stack

capable of meeting $250/kWh cost target for a projected

1MW/4MWh system operating at 75 mA/cm2.



Aqueous -Soluble Organic (ASO) vs Vanadium
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ü éhoweveré

Õ High material cost

Õ Capacity loss from crossover

Õ Precipitation issues (temperature window)

Õ Requires Nafion

ü Benefits of Organics vs Vanadium

Õ Potentially lower cost

Õ Vast library of candidates

Õ Systems ranging from pH 0-14

Õ Improved electrochemical kinetics

Õ Candidates with 2e- redox events

J. Electrochem. Soc. 2016, 163(7), A1442-A1449. 

Nature Energy1, Articlenumber:16102 (2016)
Adv. Energy Mater. 2015, 1501449.
Science 2015, 349 (6255), 1529.



Aqueous -Soluble Organic (ASO) RFB
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ü Benefits of Organics vs Vanadium

Õ Potentially lower cost

Õ Vast library of candidates

Õ Systems ranging from pH 0-14

Õ Improved electrochemical kinetics

Õ Candidates with 2e- redox events
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ü System Challenges

Õ Moderate Solubility

Õ Low Potential

Õ Chemical Instability

Õ Membrane Crossover



Identifying Potential Redox -Active Species
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ü Selection Strategy

Õ Identify redox-active core structure

Flavin-based

Quinone-based

Phenazine-based

Nature-inspired

redox-actives



Identifying Potential Redox -Active Species

8

ü Selection Strategy

Õ Identify redox-active core structure

Õ Target solubilizing groups (pH dependent) and 

appropriate redox-tuning groups

Phenazine-based

Control Solubility
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Identifying Potential Redox -Active Species
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ü Selection Strategy

Õ Identify redox-active core structure

Õ Target solubilizing groups (pH dependent) and 

appropriate redox-tuning groups

Õ Substitute core structure based on readily available 

reagents and scalable synthetic methods

Phenazine-based

Control Solubility
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?



DFT -Directed Synthesis

ü Selection Strategy

Õ Identify redox-active core structure

Õ Target solubilizing groups (pH dependent) and 

appropriate redox-tuning groups

Õ Substitute core structure based on readily available 

reagents and scalable synthetic methods

Vijayakumar Murugesan
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